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BACKGROUND OF THE INVENTION 


1 . Field of the Invention 

This invention generally relates to the field of communications. More particularly, the 
present invention relates to a conmiunications system that improves transmission rates and 
transmission distances of data signals across communications links. 


2 . Description of Related Art 

2 Advances in computer capabilities as well as the unprecedented growth of hitemet- 

ili related transactions have placed great demands on conventional communication infrastructures to 
O convey data to subscribers at higher transmission rates with increased reliability and levels of 
1^' service. Although conventional infrastructures communicate at higher transmission rates, such 
as DS-3 (e.g., 45 Mbps) and OC-3 (e.g., 155 Mbps), between networked hubs, they are generally 
limited in their ability to accommodate such ample bandwidths between the hubs and 
13 subscribers. Such limitations arise from the infrastructures' inability to compensate for 
degradations encountered on conventional transmission media spanning distances of up to 
20 18,000 ft. between the hubs and subscribers. 

Consider, for example, how common carriers provide connectivity to subscribers. 
Typically, carrier hubs or central offices connect to subscribers via subscriber loop circuits. 
Subscriber loop circuits generally comprise 2-wire transmission paths (i.e., unshielded twister 
pairs-UTP), which support direct current signals, low frequency (< -200 Hz) analog signals, and 
25 voice band signals (-200 Hz - -3.4 KHz). These frequencies limit the transmission rate of 
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digitally-encoded signals on the 2-wire transmission paths. Further, the longer the distances 
traversed by the signals on the 2-wire transmission paths, the more severe the degradation of the 
signals; thus, this limits the transmission rates. 

To increase the transmission rates on the 2-wire transmission paths, asymmetric digital 

5 subscriber lines (ADSLs) have been developed. ADSLs combine channelization (e.g., discrete 
multi-tone DMT), coding (e.g., constellation/trellis encoding), and framing (e.g., super-framing) 
techniques to achieve upstream digital rates between 64-640 Kbps and download digital rates 
between 500 Kbps - 7 Mbps. The ability to attain these transmission rates, however, is 
dependent on transmission distance. ADSLs are also sensitive to line-quality and line 
Ifl; configurations. As a result, the higher transmission rates are available only to subscribers with 

if! "clean lines," which are within specific distances (e.g., 8,000 - 10,000 fl:.) from the central office. 

.£ Other approaches to increase the transmission rates on the 2-wire transmission paths include 

□ 

=fl line-conditioning, which increases the line-quality of a local loop. While such conditioning 
provides moderate improvement in transmission rates, it is line and transmission distance 

IS; dependent. Accordingly, there is a need in the art for a communications system that improves 
transmission rates and transmission distances of data signals across communications links. 


20 transmitter device, a receiver system, and a communications link. The transmitter device 
transmits a data signal. The receiver system receives and regenerates the data signal. The 
communications link couples the transmitter device and the receiver system. During transmission 
across the communications link, the data signal is susceptible to distortions of phase and 


SUMMARY OF THE INVENTION 


hi one embodiment of the present invention, a communications system includes a 
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amplitude. The receiver system includes a receiver device and a processor. The receiver device 
receives the potentially distorted data signal from the communications link. The processor is 
electrically coupled to the receiver device to receive the distorted data signal. The processor 
regenerates the data signal to compensate for the effects of the communications link on the data 
signal. Then, the processor outputs the regenerated data signal. 


BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, like reference numerals represent similar parts of the present invention 
throughout the several views and wherein: 

FIG. 1 is a functional block diagram depicting a communications system in accordance with 
an exemplary embodiment of the present invention; 

FIG. 2 is a functional block diagram depicting a processor in accordance with an exemplary 
embodiment of the present invention; 

FIG. 3 is a function block diagram depicting a driver device in accordance with an 
exemplary embodiment of the present invention; 

FIG. 4 is a function block diagram depicting a receiver device in accordance with an 
exemplary embodiment of the present invention; 

FIG. 5 is a schematic diagram depicting an embodiment of a circuit of FIG. 4; and 

FIG. 6 is a schematic diagram depicting an embodiment of a circuit of FIG. 4. 


DETAILED DESCRIPTION 


FIG. 1 illustrates exemplary communications system 50, which includes a hub 
communication transceiver 55, a peripheral communication transceiver 65, and a 
communications link 60. Hub communication transceiver 55 and peripheral communication 
transceiver 65 receive, regenerate, and transmit data signals. Communications link 60 couples 
hub communication transceiver 55 and peripheral communication transceiver 65, and comprises 
a conventional communications media, such as unshielded twisted pair (UTP) cables, coaxial 
cables, or fiber-optic cables. Communications hnk 60 spans distances at least as long as 18,000 
ft. This embodiment of communications system 50 allows for high transmission rates, such as 
44.736 Mbps (i.e., DS-3), and 155 Mbps (i.e., OC-3). 

Hub communication transceiver 55 comprises a transmitter device (i.e., driver device) 56, 
a receiver device 58, and a processor 100. Hub communication transceiver 55 is coupled to a 
transmission facility (i.e., central office/node (CO)) 54, which, for example, transmits a data 
signal destined for a subscriber 64. The data signal, such as a pulse code modulated (PCM) 
signal, carries digitally-encoded data. It should be noted that the data signal is susceptible to 
distortions during transmission across the communications media. Such distortions may affect 
certain attributes of the data signal, such as phase and amplitude. A receiver device (not shown) 
receives the data signal from CO 54. Processor 100 is electrically coupled to the receiver device, 
driver device 56, and receiver device 58. In this configuration, processor 100 receives the 
potentially distorted data signal from the receiver device, regenerates the data signal, and outputs 
the regenerated data signal. Simply put, processor 100 is configured to receive a distorted data 
signal, to decompose the distorted data signal into component signals, to process the component 
signals to compensate for the effects of the communications media on the data signal, and to 
combine the component signals to regenerate the data signal. Then, driver device 56 transmits 


the regenerated data signal to peripheral communication transceiver 65 across communications 
link 60. In the specific embodiment illustrated herein, processor 100 comprises a 
communications processor as disclosed in the commonly-assigned copending application filed on 
even date herewith in the name of Woody A. Chea, entitled "Dual Stage Communication 
Processor," the content of which is hereby expressly incorporated herein in its entirety. 

Similarly, peripheral communication transceiver 65 comprises a transmitter device (i.e., 
driver device) 56, a receiver device 58, and a processor 100. Peripheral communication 
transceiver 65 is coupled to a transmission facihty (i.e., subscriber) 64, which, for example, 
receives the data signal. Receiver device 58 receives the data signal from hub communication 
transceiver 55. Processor 100 is electrically coupled to receiver device 58, transmitter device 
(i.e., driver device) (not shown), and driver device 56. In this configuration, processor 100 
receives the potentially distorted data signal from receiver device 58, regenerates the data signal, 
and outputs the regenerated data signal. As stated above, processor 1 00 is configured to receive a 
distorted data signal, to decompose the distorted data signal into component signals, to process 
the component signals to compensate for the effects of the communications media on the data 
signal, and to combine the component signals to regenerate the data signal. Then, the driver 
device transmits the regenerated data signal to subscriber 64. 

At the peripheral end of communications link 60, subscriber 64 may transmit a data 
signal destined for CO 54. That is, a receiver device (not shown) of peripheral communication 
transceiver 65 receives the data signal fi-om subscriber 64, Processor 100 is electrically coupled 
to the receiver device, and receives the potentially distorted data signal from the receiver device, 
regenerates the data signal, and outputs the regenerated data signal. Then, driver device 56 
transmits the regenerated data signal to hub communication transceiver 55 across 


communications link 60. Receiver device 58 of hub communication transceiver 55 receives the 
data signal from peripheral communication transceiver 65. Processor 100 of hub communication 
transceiver 55 is electrically coupled to a transmitter device (i.e., driver device) (not shown), and 
receives the potentially distorted data signal from receiver device 58, regenerates the data signal, 
and outputs the regenerated data signal. Then, the driver device transmits the regenerated data 
signal to CO 54. 

In short, communications system 50 allows transporting data signals at higher 
transmission rates across longer transmission distances of conventional communications media 
than is currently possible. 

FIG. 2 illustrates an embodiment of processor 100. Processor 100 comprises a coupler 
102, a coupler 104, a decoder 110, a power supply 114, a coupler 126, an encoder 120, a power 
supply 122, and a coupler 124. Coupler 102, which includes impedance matching capabilities, 
receives the potentially distorted data signal RIN. Coupler 102 includes a 75 ohms resistor that 
matches the impedance of communications link 60, for example. The coupled data signal RIN is 
supplied to coupler 104, which comprises a high-frequency coupler to filter high-frequency 
components of data signal RIN. The output of coupler 104 is supplied to decoder 110, which 
generates potentially distortionless component digital data signals and a clock based on the 
filtered data signal R'lN from coupler 104. Power supply 114 powers decoder 110, and 
implements noise dampening circuitry to reduce the effects of noise. The component digital data 
signals and clock of decoder 110 are supplied to encoder 120 via coupler 112. Encoder 120 
generates analog signals based on the component digital data signals from decoder 110. Power 
supply 122 powers encoder 120, and implements noise dampening circuitry to reduce the effects 
of noise. Coupler 124 selectively outputs regenerated data signal ROUT from at least one of the 



analog signals. It should be noted that regenerated data signal ROUT is cleaner than data signal 
RIN. As a result, regenerated data signal ROUT may be transmitted across communications link 
60 over longer distances than data signal RIN. 

FIG. 3 illustrates an embodiment of driver device 56. Driver device 56 comprises a 
5 coupler 310, a pair of pre-drivers 315, a pair of driver sets 320, and a coupler 325. Coupler 310 
comprises a transformer having a center pin grounded. Coupler 310 receives the regenerated data 
signal ROUT and outputs signals similar to ROUT to each of pre-drivers 315, except that the 
outputted signals are 180 degrees out of phase relative to each other. Pre-drivers 315, configured 
as wide band amplifiers, amplify the outputted signals of coupler 310. The wide band amplifiers 
LG; niay be configured as current or voltage amplifiers. 

if\ Pre-drivers 315 are coupled to driver sets 320. Driver set 320 comprises a plurality of 

.g; drivers that are configured in parallel. The drivers of driver set 320 are amplifiers, such as 100 
Ci mA, 18-20 V peak-to-peak amplifiers. Driver sets 320 improve signal gain and reduce 
=1^ susceptibility of the drivers of driver sets 320 to saturate. Driver sets are 320 coupled to coupler 
ly : 325. Coupler 325 comprises a transformer having an ungrounded center pin, and is configured to 
combiuc the signals from driver sets 320 to provide a data signal capable of being transmitted 
across communications link 60. 

FIG. 4 illustrates an embodiment of receiver device 58. Receiver 58 comprises a coupler 
block 400, impedance matching and pre-amplification block 405, pre-amplification and 
20 multiplier block 410, and pre-amplification block 415. Coupler block 400 receives the 
transmitted data signal. Coupler block 400 comprises a transformer having a grounded center 
pin. Impedance matching and pre-amplification block 405, which is schematically illustrated in 
FIG. 5, is coupled to coupler block 400, and comprises a resistor to match the impedance of 
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communications link 60, and a pre-amplification circuit with high frequency adjustments. Pre- 
ampKfication and multipUer block 410, which is schematically illustrated in FIG. 6, is coupled to 
impedance matching and pre-amplification block 405, and comprises a common mode rejection 
multiplier configuration. Also, pre-amplification and multipUer block 410 is coupled to pre- 
amplification block 415 via a low pass fiher. Pre-amplification block 415, which is schematically 
illustrated in FIG. 6, outputs the data signal to processor 100. 

In sum, communications system 50 allows transporting data signals at higher 
transmission rates across longer transmission distances of conventional communications media 
than is currently possible. Although this invention has been shown in relation to a particular 
embodiment, it should not be considered so limited. Rather, the invention is limited only by the 
scope of the appended claims and their equivalents. 
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